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(54) Method and device for regeneration and relay of optical transmission signal and wavelength 
division multiplexing transmission system using the same 



(57) Provided are a regeneration relay 2 which com- 
prises a light receiver 5 for converting an inputted opti- 
cal signal 10 to an electrical signal, thereby outputting 
the electrical signal 14; a light transmitter 6 for convert- 
ing the electrical signal 14 outputted from the light 
receiver 5 to an optical signal, thereby outputting the 
optical signal while varying a wavelength of the optical 
signal; and a wavelength monitor 4 for controlling the 
light transmitter 6 so that a wavelength of a light output- 
ted from the light transmitter 6 and a wavelength of a 



light inputted to the light receiver are made to be equal 
to each other. Provided is an optical regeneration relay 
used in a wavelength multiplexing transmitting system, 
which is capable of relaying a regenerated light with a 
simple constitution and facilitating a control of a wave- 
length of a signal on a transmitting path by monitoring a 
wavelength of a first stage wavelength multiplexing unit 
for outputting a signal to the transmitting path. 
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Description 

[0001] The present invention relates to a method for 
regeneration and relay of an optical transmission signal 
in a wavelength division multiplexing transmission sys- s 
tern using an optical fiber and a signal regeneration 
relay using the wavelength division multiplexing trans- 
mission system. 

[0002] In a wavelength division multiplexing transmis- 
sion system which multiplexes a plurality of waves as a 10 
signal channel so as to transmit the multiplexed waves, 
a long haul transmission system using, for example, 
ED FA as relays, which transmits the signal channels by 
non-regeneration relay transmission, has been used. 
However, in the optical amplifying relays that performs a 15 
multi-stage long haul transmission, a distance within 
which a transmission is satisfactorily conducted is lim- 
ited due to factors such as fiber chromatic dispersions in 
fiber transmission paths and a S/N deterioration in an 
optical fiber amplifier. In order to perform further long 20 
haul transmissions, electrical regeneration relaying has 
been required. 

[0003] Schematically, conventional systems for the 
electrical regeneration relaying are the ones that 
receive an optical signal using a wavelength division 25 
multiplexing receiving terminal unit and converts an 
electrical signal to an optical signal again to transmit the 
optical signal using a wavelength division multiplexing 
transmission unit. 

[0004] In the conventional wavelength division multi- 30 
plexing transmission relaying including the optical 
regeneration relaying that has been performed in the 
wavelength division multiplexing transmission system, 
the transmission signal is sent out by a transmission ter- 
minal unit composed of a wavelength division multiplex- 35 
ing transmission unit and a wavelength division 
multiplexer for multiplexing a plurality of outputted lights 
from the wavelength division multiplexing transmission 
unit. The optical signal attenuated on the transmission 
path is amplified by an optical amplifying relay system 40 
composed of an optical fiber amplifier as it is, and fur- 
ther transmitted. 

[0005] In an optical regeneration relay system, the 
transmission signal that has been subjected to the 
wavelength division multiplexing is demultiplexed by a 45 
wavelength division demultiplexer. The receiving termi- 
nal unit comprises a plurality of receivers equal to the 
demultiplexed wavelengths in number. In the receiving 
terminal unit, each signal is received to be subjected to 
an optical-to-electrical conversion. These signals are so 
converted to optical signals with different wavelengths 
by optical transmitters, each of which is provided for cor- 
responding one of the signals. The optical signals with 
the different wavelengths are multiplexed by the wave- 
length division multiplexer again, and sent out to a sub- 55 
sequent transmission system having transmission 
paths. 

[0006] In the case of the foregoing regeneration relay 



system, the wavelength division multiplexing transmis- 
sion unit is provided for each regeneration relay. Then, 
an optical transmitter with a different wavelength for 
each channel must be used within the wavelength divi- 
sion multiplexing transmission unit. In the wavelength 
division multiplexing transmission unit for the regenera- 
tion relaying in each stage included in the transmission 
system, the wavelength of the optical signal outputted 
from the individual optical transmitter; which is built in 
the wavelength division multiplexing transmission unit, 
must be monitored strictly; so that the structure of the 
wavelength division multiplexing transmission unit is 
very complicated. 

[0007] The present invention was made from the view- 
point of the problems which have been posed by the 
foregoing technologies inherently. The object of a 
method of a regeneration and relay of an optical trans- 
mission signal of the present invention and an optical 
regeneration relay of the present invention is to enable 
a regeneration relaying by a simple construction and to 
facilitate a control of a wavelength of an optical signal on 
a transmission path by monitoring the wavelength of the 
optical signal outputted from a first stage wavelength 
division multiplexing transmission unit to the transmis- 
sion path. 

[0008] The optical regeneration relay of the present 
invention comprises an optical receiver for converting 
an optical signal inputted thereto to an electrical signal, 
thereby outputting the electrical signal; an optical trans- 
mitter for converting the electrical signal from the optical 
receiver to an optical signal and allowing a wavelength 
of the optical signal to be variable, thereby outputting 
the optical signal with the variable wavelength; and a 
wavelength monitoring circuit for controlling the optical 
transmitter so that the wavelength of a light emitted from 
the optical transmitter and the wavelength of a light inci- 
dent onto the optical receiver are equal to each other. 
[0009] The above and other objects, features and 
advantages of the present invention will become more 
apparent from the following detailed description when 
taken in conjunction with the accompanying drawings 
wherein; 

Fig. 1 is a block diagram showing a structure of a 
wavelength division multiplexing transmission sys- 
tem including a conventional regeneration optical 
relay system; 

Fig. 2 is a block diagram showing a structure of a 
first embodiment of a regeneration optical relay of 
the present invention; 

Fig. 3 is a block diagram showing a structure of a 
first embodiment of a wavelength monitoring circuit 
in the regeneration optical relay of the present 
invention; 

Fig. 4(a), 4(b) and 4(c) are diagrams for explaining 
an operation of the first embodiment of the wave- 
length monitoring circuit in the regeneration optical 
relay of the present invention, Fig. 4(a) shows a 
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switching control signal of an optical switch 411, 
Fig. 4(b) is a wavelength sweep signal in the case 
where a rotary etharon plate is used for, for exam- 
ple, a wavelength variable filter 412, and Fig. 3(c) is 
a diagram showing a photoelectric conversion out- 
put of a light receiving element 413; 
Fig. 5 is a diagram showing a structure of a second 
embodiment of the wavelength monitoring circuit in 
the regeneration optical relay of the present inven- 
tion; 

Fig. 6 is a diagram showing a structure of a third 
embodiment of the wavelength monitoring circuit in 
the regeneration optical relay of the present inven- 
tion; 

Fig. 7 is a diagram showing a structure of a fourth 
embodiment of the wavelength monitoring circuit in 
the regeneration optical relay of the present inven- 
tion; 

Fig. 8 a diagram showing a structure of a first 
embodiment of the wavelength monitoring circuit in 
the regeneration optical relay of the present inven- 
tion; 

Fig. 9 is a diagram showing a structure of a second 
embodiment of the wavelength monitoring circuit in 
the regeneration optical relay of the present inven- 
tion; and 

Fig. 10 is a diagram showing a structure of a wave- 
length division multiplexing transmission system 
including the regeneration optical relay system of 
the present invention. 

[001 0] First, for the sake of a conventional optical relay 
will be described for facilitating the understanding of the 
present invention, prior to the description of a regenera- 
tion optical relay of the present invention. 
[001 1J Fig. 1 is a diagram showing a structure of a 
wavelength division multiplexing transmission system 
including a conventional regeneration optical relay sys- 
tem. 

[0012] Fig. 1 exemplifies a block diagram showing an 
example of a structure of the conventional wavelength 
division multiplexing transmission relay including an 
optical regeneration relay in a wavelength division mul- 
tiplexing transmitting system. A transmission signal is 
transmitted from an optical transmission terminal station 
system 500 composed of a wavelength division multi- 
plexing transmission unit 101 and a wavelength division 
multiplexer 102 for multiplexing a plurality of output 
lights from the wavelength division multiplexing trans- 
mission unit 101. The optical signal attenuated on the 
transmission path 104 is amplified, while remaining 
unchanged as a light, by an optical amplifying relay sys- 
tem 600 composed of optical amplifiers 1 03. The ampli- 
fied optical signal is further transmitted. 
[001 3 J In an optical regeneration relaying system 700, 
the transmitted signal that has been subjected to the 
wavelength division multiplexing is demultiplexed by a 
wavelength division demultiplexer 105. A receiving ter- 



minal station unit 1 10 comprises a plurality of receivers 
1 1 1 equal to the wavelengths in number; which are to 
be demultiplxed. In the receiving terminal station unit 
110, each of the demultiplexed signals is received by 

5 corresponding one of the receivers 111, and subjected 
to an optical-to-electrical conversion by corresponding 
one of the receivers 111. in a wavelength division multi- 
plexing transmission unit 107, these signals are con- 
verted to optical signals with different wavelengths by 

10 corresponding optical transmitters, respectively. The 
optical signal with the different wavelengths are again 
multiplexed by an optical wavelength division multi- 
plexer 108, and the multiplexed optical signal is trans- 
mitted to a subsequent stage transmitting system 800 

75 having a transmission path 1 09, which is located in the 
subsequent stage. 

[0014] In the case of the regeneration optical relay 
system as described above, the wavelength division 
multiplexing transmission unit is employed for each 

20 regeneration relay. Optical transmitter for transmitting 
optical signals with different wavelengths for each chan- 
nel must be used in the wavelength division multiplexing 
transmission unit. The wavelengths of the optical sig- 
nals outputted from optical transmitters built in the 

25 wavelength division multiplexing unit for the regenera- 
tion optical relay in each stage, which are included in 
the transmission systems, must be monitored, so that 
the structures of the optical transmitters are exceedingly 
complicated. 

30 [0015] Next, the regeneration optical relay of the 
present invention will be described with reference to the 
drawings. 

[001 6] Fig. 2 is a diagram showing a structure of a first 
embodiment of the regeneration optical relay of the 

35 present invention. 

[0017] The regeneration optical relay 2 shown in Fig. 
2 is composed of an input side optical divider 3, a wave- 
length monitoring circuit 4, a light receiving circuit 5, a 
light transmitting circuit 6, and an output side optical 

40 divider 8. An optical signal input 10 with a specified 
wavelength from an optical fiber 1 is inputted to the 
regeneration optical relay 2. The optical signal output- 
ted from the optical fiber 1 is branched into two optical 
signals by the optical divider 3. One of the optical sig- 

45 nals obtained by branching the optical signal input 10 is 
inputted to the light receiving circuit 5 so as to be sub- 
jected to an optical-to-electrical conversion, and then 
transferred to the light transmitting circuit 6. The tight 
transmitting circuit 6 performs an electrical-to-optical 

so conversion based on the transmitting signal that has 
been subjected to the optical-to-electrical conversion, 
which is outputted from the light receiving circuit 5, so 
as to output an optical signal with a modulation wave- 
length identical to that of the optical signal input 10. 

55 [0018] On the other hand, the other optical signal 
obtained by branching the optical signal input 10 by the 
optical divider 3 is inputted to the wavelength monitoring 
circuit 4. The wavelength monitoring circuit 4 compares 
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the wavelength of the optical signal input 10 from the 
optical divider 3 with that of an optical signal output 1 1 
which is obtained by branching an output signal from 
the light transmitting circuit 6 via the optical divider 8, 
the optical signal output 1 1 being a part of the output 5 
signal, thereby monitoring the wavelength of the output 
signal outputted from the light transmitting circuit 6. The 
result obtained after comparing and monitoring the 
wavelengths of the optical signal input 1 0 and the opti- 
cal signal output 1 1 is transmitted to the light transmit- 10 
ting circuit 6 as a wavelength control signal 9. The light 
transmitting circuit 6 that received the wavelength con- 
trol signal 9 transmits a light with a wavelength as an 
optical signal output 11, which exhibits an identical 
wavelength to that of the optical signal inputted to the 15 
light receiving circuit 5. 

[0019] Thus, in the wavelength division multiplexing 
transmitting system for processing signals, each signal 
being close to others in a value of a wavelength, the 
individual regulations of the wavelengths of the output 20 
signals from all of the regeneration optical relays, which 
are coupled to each other in the relay transmitting sys- 
tem, are automatically conducted by sufficiently control- 
ling the wavelengths of the signals from the transmitting 
side terminal station. 25 
[0020] In Fig. 2, the light receiving circuit 5 comprises 
an optical-to-electrical conversion circuit including a 
light receiving element. The regenerated electrical sig- 
nal 14 obtained by performing the optical-to-electrical 
conversion for the optical signal input 10 is transmitted 30 
to the light transmitting circuit 6. The light receiving cir- 
cuit 5 comprises a 3R function according to demand. 
[0021 ] The light transmitting circuit 6 has a function to 
output a light with a wavelength controlled based on the 
wavelength control signal 9 which is outputted from the 35 
wavelength monitoring circuit 4, as well as a function to 
modulate the output light 15 from the light transmitting 
circuit 6 based on the regenerated electrical signal 14 
from the light receiving circuit 5. The light receiving cir- 
cuit 6 is a light source having a function capable of per- 40 
forming a high speed electrical-to-electrical conversion 
and outputting a signal with a variable wavelength. 
[0022] The wavelength monitoring circuit 4 detects the 
difference between the wavelength of the optical signal 
input 1 0 and the wavelength of the branched optical sig- 45 
nal output 13. The optical signal input 10 is inputted to 
the wavelength monitoring circuit 4 from the transmis- 
sion path via the optical divider 3, and the branched 
optical signal output 13 is obtained by branching the 
optical output 15 from the light transmitting circuit 6 by so 
the optical divider 8 and inputted to the wavelength 
monitoring circuit 4. For the detection of the wavelength 
difference, optical principles such as spectroscopy, 
interference and diffraction are utilized. Information 
relating to the wavelength difference is outputted to the 55 
light transmitting circuit 6 as the wavelength control sig- 
nal 9. 

[0023] Next, an operation of the regeneration optical 



relay of Fig. 2 will be described. 

[0024] First, when the demultiplexed optical signal 
input 10 is inputted to the regeneration optical relay 2 
via the optical fiber 1, the optical signal inputted is 
branched in the optical divider 3, and then the branched 
signals are transmitted to the light receiving circuit 5 and 
the wavelength monitoring circuit 4, respectively. The 
optical signal inputted to the light receiving circuit 5 is 
subjected to the optical-to-electrical conversion therein, 
and outputted to the light transmitting circuit 6 as the 
regenerated electrical signal 1 4 that is an electrical sig- 
nal. 

[0025] The light transmitting circuit 6 modulates the 
optical output based on the electrical signal inputted 
thereto, and outputs the modulated signal as the optical 
signal. The optical signal outputted from the light trans- 
mitting circuit 6 is branched into the optical signal output 
1 1 and the branched optical signal output 1 3 by the opti- 
cal divider 8. The main signal is outputted from the 
transmission path via the optical fiber 7. On the other 
hand, the branched optical signal output 1 3 is fed-back 
to the wavelength monitoring circuit 4. 
[0026] The wavelength monitoring circuit 4 detects the 
difference between the wavelength of the branched opti- 
cal signal input 12 from the optical fiber 1 and the wave- 
length branched optical signal output 1 3 fed-back from 
the light transmitting circuit 6, and outputs the detection 
result to the light transmitting circuit 6 as the wavelength 
control signal 9. The wavelength monitoring circuit 4 
controls the light transmitting circuit 6 by the wavelength 
control signal 9 so that the wavelength of the optical sig- 
nal input 10 inputted to the regeneration optical relay 2 
and the wavelength of the optical signal output 1 1 from 
the regeneration optical relay 2 will be equal to each 
other. 

[0027] Next, a concrete circuit configuration of the 
wavelength monitoring circuit 4 will be described. 
[0028] Fig. 3 is a diagram of a concrete configuration 
of a wavelength monitoring circuit 41 0 that is shown as 
the wavelength monitoring circuit 4 in Fig. 2. The wave- 
length monitoring circuit 410 comprises an optical 
switch 411, a wavelength variable filter 412, a light 
receiving element 413, a wavelength control signal gen- 
erating circuit 414, and an optical switch/wavelength 
variable filter control circuit 415. The optical switch 41 1 
is the one having two input terminals and one output ter- 
minal, which alternately switches two optical signals 
depending on time, which are the branched optical sig- 
nal input 12 from the optical fiber 1 and the branched 
optical signal output 13 fed-back from the light transmit- 
ting circuit 6. The wavelength variable filter 412 sweeps 
the wavelength of the light from the optical switch 41 1 . 
The optical output from the wavelength variable filter 
412 is subjected to a photoelectric conversion by the 
light receiving element 413. For example, a rotary 
etaron plate, a sweep Fabriperot resonator and the like 
can be used as the sweep wavelength variable filter 
described above. 
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[0029] The wavelength control signal generating cir- 
cuit 414 calculates the wavelength difference from the 
photoelectric conversion signal alternately switched 
depending on time, and transmits the wavelength con- 
trol signal 9 to the light transmitting circuit 6 of Fig. 2. 
The optical switch/wavelength variable filter control cir- 
cuit 415 controls the switching control signal of the opti- 
cal switch 411, the wavelength sweep signal of the 
wavelength variable filter and the wavelength control 
signal generating circuit 414. 

[0030] An operation of the wavelength monitoring cir- 
cuit 41 0 shown in Fig. 3 will be described with reference 
to Figs. 4(a) to 4(c). 

[0031 ] Figs. 4(a) to 4(c) are the diagrams showing the 
waveform changes of the control signal and output sig- 
nal against time. Fig. 4(a) shows the switching control 
signal of the optical switch 411, Fig. 4(b) shows the 
wavelength sweep signal in the case where, for exam- 
ple, a rotary etaron plate is used as the wavelength var- 
iable filter 412, and Fig. 4(c) shows the photoelectric 
conversion output of the light receiving element 413. 
[0032] As shown in Fig. 4(a), during the time region A 
the optical switch 41 1 is in a connection state where the 
optical switch 411 guides the branched optical input 12 
to the wavelength variable filter 412. During the time 
region B the optical switch 41 1 is in a connection state 
where the optical switch 41 1 guides the branched opti- 
cal output 13 to the wavelength variable filter 412. The 
optical switch 411 is controlled by the optical 
switch/wavelength variable filter control circuit 415 so 
that the optical switch 411 is alternately switched 
between these two connection states. In synchroniza- 
tion with the control signal for the optical switch 41 1 , the 
wavelength variable filter 412 performs one sweep in 
each of the regions A and B as shown in Fig. 4(b). 
[0033] The light after passing through the wavelength 
variable filter 412 constituted by a rotary etaron plate is 
converted to an electrical signal as described in Fig. 
4(c) by the light receiving element 413. The rotary 
etaron plate rotates at a fixed speed. 
[0034] An angle of the light incident onto the rotary 
etaron plate relative to the rotary etaron plate is 
changed by this rotation, with the result that a wave- 
length of the light transmitting through the rotary etaron 
plate changes. Accordingly, Fig. 4(c) shows the change 
of the wavelength of the transmitting light against the 
abscissa indicating time. If the wavelength of the light of 
the branched optical input 12 differs from the wave- 
length of the light of the branched optical output 13, 
which transmit through the rotary etaron plate, both of 
the lights transmitting through the rotary etaron plate 
show the peaks of the intensities in the different sweep 
timings, and the times ^ and t 2 that are the periods from 
the start of the sweep to the appearance of the peaks 
differ from each other. The wavelength control signal 
generating circuit 414 calculates the difference between 
the times t 1 and t 2 , and transmits the control signal as 
the wavelength control signal 9 to the light transmitting 



circuit 6. 

[0035] The above descriptions were made for the case 
where the rotary etaron plate and the sweep type Fab- 
riperot resonator which make the mechanical sweep are 

5 used as the wavelength variable filter 412. An acousto- 
optic tunable filter (AOTF) that is an electronic wave- 
length variable filter may be used as the wavelength var- 
iable filter 412, which has recently enhanced its 
characteristics. The AOFT has realized a wavelength 

w selection characteristic of a waveguide mode inter-cou- 
pling of light travelling along an optical waveguide by uti- 
lizing a diffraction effect of a surface acoustic wave 
which propagates along the optical waveguide. In this 
case, a frequency of a high frequency sine wave signal 

15 supplied to a piezoelectric transducer, which drives the 
surface acoustic wave, is swept, so that it is possible to 
sweep the wavelength of the transmitting light similarly 
to the mechanical sweep. The wavelength monitoring 
circuit can also be structured using the acoustic optic 

20 tunable filter. 

[0036] Although the description for the wavelength 
monitoring circuit in which the wavelength discriminat- 
ing function that is a principal component is constituted 
by the wavelength variable filter was made, a spectro- 

25 scope may also be used as a component that can utilize 
the wavelength discriminating function. 
[0037] Next, a different embodiment of the wavelength 
monitoring circuit 4 will be described. 
[0038] Fig. 5 is a diagram showing a structure of 

30 another embodiment of the wavelength monitoring cir- 
cuit 4 which uses the combination of an arrayed- 
waveguide grating (hereinafter referred to as a AWG) 
and an array photodiode (hereinafter referred to as an 
array PD), which has been developed as a spectro- 

35 scope, especially as a high integrated spectroscope 
with a small size. 

[0039] In the AWG, lights simultaneously incident onto 
a plurality of waveguide arrays undergo the phase delay 
after passing therethrough. Each of the waveguide 

40 arrays has a gradually different length from others and 
the phase delay changes in proportion to the length of 
the waveguide. The AWG utilizes the fact that an inclina- 
tion angle of a wavefront, which is produced after the 
passage of the light through the waveguide array, varies 

45 depending on the wavelength. Specifically, the AWG is 
an integrated type spectroscope having the structure 
that a principle of the spectroscope using the plane- 
shaped reflection diffraction grating is replaced with the 
waveguide array. By setting the difference in the lengths 

so between the shortest waveguide and the longest 
waveguide to be large, the AWG can utilize a high-order 
diffraction that cannot be obtained the plane-shaped 
reflection diffraction grating, so that a spectroscope with 
a high resolution can be structured so as to have a size 

55 identical to that of a small sized integrated circuit. 

[0040] The wavelength monitoring circuit 420 shown 
in Fig. 5 has a structure that the combination of the 
wavelength variable filter 412 and the light receiving ele- 
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ment 413 in the wavelength monitoring circuit 410 of 
Fig. 3 is replaced by the combination of the AWG 422 
and the array PD 423. The characteristics of the optical 
switch/array PD control circuit 425 for controlling the 
optical switch 41 1 and the array PD 423 are made to be 
different from those of the control circuit 415 of Fig. 3 
depending on differences of elements used therein. For 
example, the wavelength monitoring circuit 410 of Fig. 3 
has to output a sawtooth waveform that shows the 
sweep signal of Fig. 4(b). 

[0041 ] On the contrary, in the case where a self-sweep 
type array photodetector typified by a CCD is used for 
the array PD 423 of the wavelength monitoring circuit 
420 of Fig. 5, the self-sweep type array photodetector is 
permitted to perform an operation to output a plurality of 
clock signals for a charge transfer driving. A phase of 
each clock signals is shifted from others. In the case 
where a charge transfer type array PD is not used for 
the array PD 423 but an array PD for outputting photoe- 
lectric conversion signals in parallel is used, a signal for 
controlling the charge transfer type array PD is not 
needed to be outputted particularly, a connection line for 
connecting the control circuit and the array PD may be 
omitted. However, in this case, a plurality of connection 
lines corresponding to the number of the PD arrays, 
which connect the array PD 423 and the wavelength 
control signal generating circuit 424, are provided so as 
to output parallel signals directly from the array PD 423 
to the wavelength control signal generating circuit 424. 
[0042] Next, an operation of the embodiment in which 
the self-sweep array photodetector typified by the CCD 
is used for the array PD 423 of Fig. 5 will be described. 
[0043] The optical switch 41 1 switches the connection 
between the branched optical signal input 12 and the 
branched optical signal output 13 alternately so as to 
connect the AWG 422 with either of the branched opti- 
cal signals 1 2 and 1 3. The AWG 422 separates the opti- 
cal signal inputted thereto into its spectral components. 
The AWG 422 gives a positional deviation spatially dif- 
ferent from others to each of the separated lights 
depending on the wavelength of the lights, and allows 
the separated lights to be emitted therefrom. If the light 
of the branched optical signal input 12 and the light of 
the branched optical signal output 13 are different in the 
wavelength from each other, these lights are separated 
into their spectral components in the AWG 422 and 
emitted therefrom. 

[0044] The charge transfer type array PD 423 receives 
each of the lights, each being obtained by separating 
the light into the spectral components by the AWG 422 
and emitted therefrom while deviating spatially from oth- 
ers. The array PD 423 converts each of the lights into an 
electrical sweep signal, and outputs it to the wavelength 
control signal generating circuit 424. In this embodi- 
ment, the sweep cycle of the self-sweep type array PD 
423 is made to be synchronous with the switching cycle 
of the optical switch 411. Specifically, the array PD 423 
performs one sweep within a period of the half-cycle 



where the optical switch 41 1 is in connection with the 
branched optical signal input 12, and the array PD 423 
performs subsequent one sweep within a subsequent 
period of the half-cycle where the optical switch 41 1 is in 

5 connection with the branched optical signal output 13. 
The wavelength control signal generating circuit 424 
calculates the difference between the first time and the 
second time. The first time is a period from the sweep 
start to the peak appearance for the photoelectric con- 

10 version signal of the array PD 423 for the branched opti- 
cal signal input 12 and the second time is a period from 
the sweep start to the peak appearance for the photoe- 
lectric conversion signal of the array PD 423 for the 
branched optical signal output 13. The first time corre- 

15 sponds to ^ of Fig. 4(c) for explaining the operation of 
the embodiment using the mechanical sweep type 
wavelength variable filter of Fig. 3, and the second time 
corresponds to t 2 of Fig. 4(c). The wavelength control 
signal generating circuit 424 transmits the wavelength 

20 control signal 9 to the light transmitting circuit 6, based 
on the calculation result. 

[0045] Fig. 6 is a diagram showing another embodi- 
ment of the wavelength monitoring circuit 4. 
[0046] The wavelength monitoring circuit 430 of Fig. 6 

25 uses two sets of combinations, each of which consists 
of the wavelength variable filter 412 and the light receiv- 
ing element 413, instead of the wavelength monitoring 
circuit 410 and the optical switch 411 of Fig. 3. The 
wavelength monitoring circuit 410 is composed of the 

30 two set of the foregoing combinations; the wavelength 
variable filter control circuit 435 for controlling the wave- 
length variable filters 412 so as to sweep the wave- 
lengths in synchronization with each other; and the 
wavelength control signal generating circuit 434 for cre- 

35 ating the wavelength control signal 9 from the parallel 
signals outputted from the two single type light receiving 
elements 433. 

[0047] The branched optical signal input 1 2 is coupled 
to one of the wavelength variable filters 412 for exclu- 

40 stvely sweeping the input 1 2 and separating the input 1 2 
into its spectral components and one of the single type 
light receiving elements 433, and the branched optical 
signal output 13 is coupled to the other of the wave- 
length variable filters 412 for exclusively sweeping the 

45 output 13 and separating the output 13 into its spectral 
components and the other of the light receiving ele- 
ments 433. The photoelectric conversion outputs from 
the two light receiving elements 433 are in parallel 
inputted to the wavelength control signal generating cir- 

so cuit 434. The wavelength control signal generating cir- 
cuit 434 compares the parallel outputs from the two light 
receiving elements 433, and calculates the difference 
between the times when each of the peaks appears 
originating from the difference between the wave- 

55 lengths. Then, the wavelength control signal generating 
circuit 434 generates the wavelength control signal 9, 
and transmits the wavelength control signal 9. 
[0048] Next, still another embodiment of the wave- 
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length monitoring circuit 440 is shown in Fig. 7. 
[0049] The wavelength monitoring circuit 440 of Fig. 7 
uses two sets of combinations, each of which is com- 
posed of the AWG 442 and the array PD 443, instead of 
the optical switch 41 1 of Fig. 4. The wavelength moni- 5 
toring circuit 440 is composed of the foregoing two sets 
of components; the array PD control circuit 445 for con- 
trolling the two array PDs so as to synchronously sweep 
the wavelengths; and the wavelength control signal gen- 
erating circuit 444 for creating the wavelength control w 
signal 9 based on the outputs from the two array PDs. 
[0050] The branched optical signal input 1 2 is coupled 
to one of the AWG 442 for exclusively separating the 
input 12 into its spectral components and one of the 
array type PDs 443 for exclusively allowing the optical is 
output from the corresponding AWG to undergo the 
photoelectric conversion, and the branched optical sig- 
nal output 13 is coupled to the other of the AWG 442 for 
exclusively separating the output 13 into its spectral 
components and one of the array type PDs 443 for 20 
exclusively allowing the optical output from the corre- 
sponding AWG to undergo the photoelectric conversion. 
The photoelectric conversion outputs from the two array 
PDs are in parallel inputted to the wavelength control 
signal generating circuit 444. The wavelength control 25 
signal generating circuit 444 compares the parallel out- 
puts from the two array type PDs 443, and calculates 
the difference between the times when each of the 
peaks appears originating from the difference between 
the wavelengths. Then, the wavelength control signal 30 
generating circuit 444 generates the wavelength control 
signal 9, and transmits the wavelength control signal 9. 
[0051 ] Next, a more concrete embodiment of the light 
transmitting circuit 6 of Fig. 2 will be described. 
[0052] The light transmitting circuit 6 has a function to 35 
perform a modulation based on the regenerated electri- 
cal signal 14 from the light receiving circuit 5 and to out- 
put the light transmitting circuit output tight 15; and a 
function to control the wavelength based on the wave- 
length control signal 9 outputted from the wavelength 40 
monitoring circuit 4. The light transmitting circuit 6 is a 
light source having a function capable of performing a 
high speed electrical-to-optical conversion and allowing 
the wavelength to be variable. 

[0053] Fig. 8 is a diagram showing a structure of the 45 
light transmitting circuit 610 that is one concrete embod- 
iment of the light transmitting circuit 6. 
[0054] The light transmitting circuit 61 0 is composed 
of the distributed feedback type LD 601 that is a semi- 
conductor laser device capable of allowing the wave- so 
length to be variable; and the LD driving circuit 602; and 
the LD temperature control circuit 603 for controlling the 
temperature of the distributed feedback type LD 601 in 
order to control the wavelength. The LD driving circuit 
602 amplifies the regenerated electrical signal 14 from 55 
the light receiving circuit 5 to a signal amplitude so as to 
be suitable for modulating the wavelength variable sem- 
iconductor laser 601 , and superposes the regenerated 



electrical signal 14 on a bias current suitable for a signal 
modulation. 

[0055] The distributed feedback type LD 601 is called 
a DFB-LD (Distributed Feedback Laser Diode) for short. 
As is well known, the DFB-LD, in which its longitudinal 
(axis) is defined by a reflection due to a Bragg grating 
cut in the optical guide layer, operates with a single lon- 
gitudinal mode without depending a facing reflection, 
and suitable for a high speed communication. At the 
same time, the DFB-LD exhibits a great change of an 
oscillation wavelength originating from a change in an 
index of refraction due to a temperature change. In a 
crystalline material for forming a semiconductor laser 
with a wavelength of 1 .55 pirn, this change in the wave- 
length is about 3A per a temperature change of 1°C. 
This is equivalent to a value ranging from about 30 to 40 
GHz that is obtained by converted the wavelength 
change in terms of a frequency. When a high density 
wavelength multiplexing optical communication system 
with a frequency (wavelength) interval of, for example, 
about 100 GHz is assumed, this suggests that it is pos- 
sible actually to control the wavelength by controlling 
the temperature of the semiconductor laser. 
[0056] In Fig. 8, based on the wavelength control sig- 
nal 9 from the wavelength control circuit 4, the LD tem- 
perature control circuit 603 controls the oscillation 
wavelength by the temperature of the distributed feed- 
back type LD 601 . Therefore, the thermistor output 605 
from the thermistor themometer for detecting the tem- 
perature of the LD, which is provided in the vicinity of the 
distributed feedback type LD 601 . Thus, the Peltier con- 
• trol current 604 for heating and cooling the distributed 
feedback type LD 601 is outputted. 
[0057] A structure of another embodiment of the light 
transmitting circuit 6 is shown in Fig. 9. 
[0058] In Fig. 9, the light transmitting circuit 620 is 
composed of the distributed reflection type LD 61 1 that 
is a device different from the DF-LD of the semiconduc- 
tor laser capable of allowing the wavelength to be varia- 
ble; the LD driving circuit 612; and the LD current 
control circuit 613 for controlling the current of the dis- 
tributed reflection type LD 611 to control the wave- 
length. 

[0059] The LD driving circuit 61 2 amplifies the regen- 
erated electrical signal 14 from the light receiving circuit 
5 to a signal amplitude that is suitable for modulating the 
wavelength variable semiconductor laser 611, and 
superposes a bias current suitable for a signal modula- 
tion on the regenerated electrical signal 14. 
[0060] The distributed reflection type LD 61 1 is called 
a DBR-LD (Distributed Bragg Reflector Laser Diode) for 
short. The DBR-LD has a structure that an activation 
region for emitting and amplifying a light, a DBR region 
for selecting one oscillation mode, and a phase adjust- 
ing region for controlling the longitudinal mode wave- 
length are formed in series in a light travelling direction 
so as to constitute a resonator against the light. Bias 
currents injected into the respective regions are individ- 
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ually set independently from each other, so that elec- 
trodes in the three regions are separated. A Bragg 
diffraction grating is formed in an optical waveguide 
layer in the DBR region and only a light with a specified 
wavelength (Bragg wavelength) is strongly reflected. As 
a result, one longitudinal mode in the vicinity of the 
Bragg wavelength is an oscillation mode. The Bragg 
wavelength can be controlled by changing the index of 
refraction of the waveguide layer by the current injec- 
tion. The phase adjusting region is the one where the 
diffraction grating is not formed, and the index of refrac- 
tion changes by injecting the current into this region. An 
optical length of the resonator changes due to the 
change of the index of refraction, so that a fine control 
for the oscillation wavelength can be performed. A cur- 
rent obtained by superposing the bias current on the 
regenerated electrical signal 14 is supplied to the elec- 
trode of the activation region, by the LD driving circuit 
602. 

[0061] Experimental confirmation shows an example 
in which when a current flowing through the Bragg 
region was allowed to change from 0 to 50 mA, the 
Bragg wavelength changed greatly by about 70 A from 
1.553 to 1.546 urn . 

[0062] In Fig. 9, the LD current control circuit 61 3 out- 
puts the oscillation wavelength control current 614 that 
is a current supplied to the DBR region of the distributed 
reflection type LD 611, which controls the oscillation 
wavelength of the distributed reflection type LD 611 
based on the wavelength control signal 9 front the wave- 
length control circuit 4, and the phase control current 
61 5 which is supplied to the phase adjusting region and 
finely controls the oscillation wavelength. The LD cur- 
rent control circuit 613 may be provided with a function 
to control the temperature of the distributed reflection 
type LD 61 1 as required, in addition to the foregoing 
function. 

[0063] Next, the wavelength division multiplexing 
transmitting system used for the regeneration optical 
relay apparatus including the regeneration relay 2 of the 
present invention will be described. 
[0064] Fig. 1 0 is a diagram showing a structure of the 
wavelength division multiplexing transmitting system 
using including the regeneration optical relay 2 of the 
present invention, which is illustrated so as to compared 
the wavelength division multiplexing transmitting system 
with the wavelength multiplexing signal transmitting sys- 
tem including the optical regeneration relay The wave- 
length division multiplexing transmitting system is 
composed of an optical transmitting terminal station 
system 500; an optical amplifying relay system 600; an 
optical regeneration relay system 700; and a subse- 
quent stage transmitting system 800. The optical regen- 
eration relay system 700 demultiplexes the transmitting 
signal by the demultiplexer 105, which has been sub- 
jected to the wavelength multiplexing. The optical 
regeneration relay system 700 multiplexes the optical 
outputs from the optical regeneration relay apparatus 



106, which comprises the foregoing regeneration opti- 
cal relays 6 provided corresponding to the number of 
the wavelengths, and each of the regeneration optical 
relays 6 by the multiplexer 108 again, and transmits the 

5 multiplexed output to the subsequent transmitting sys- 
tem 800 having the transmission path 1 09. 
[0065] By using the optical regeneration relay appara- 
tus having the regeneration optical relay of the present 
invention, the wavelength of the optical transmitter in the 

10 wavelength division multiplexing transmitting unit 101 of 
the optical transmitting terminal station system 500 at 
the first stage of the transmission path is controlled, 
whereby the wavelength of the whole of the transmis- 
sion paths can be controlled. 

15 [0066] As described above, the present invention has 
a feature in that the wavelength of the output signal in 
the regeneration relay is controlled so as to be equal to 
the wavelength of the input signal. Since the wavelength 
variable light source is used for the light source, it is 

20 unnecessary to prepare the regeneration optical relay 
for each of the different wavelengths. By controlling the 
wavelength of the optical transmitter at the first stage of 
the transmission path, it will be possible to control the 
wavelengths of the whole of the transmission path. 

25 [0067] While this invention has been described in con- 
nection with certain preferred embodiments, it is to be 
understood that the subject matter encompassed by 
way of this invention is not to be limited to those specific 
embodiments. On the contrary, it is intended for the sub- 

30 ject matter of the invention to include all alternative, 
modification and equivalents as can be included within 
the spirit and scope of the following claims. 

Claims 

35 

1. An optical regeneration relay comprising: 

a light receiving circuit for converting an optical 
signal inputted thereto to an electrical signal to 

40 output the electrical signal; 

a light transmitting circuit for converting the 
electrical signal outputted from said light 
receiving circuit to an optical signal, and allow- 
ing a wavelength of said optical signal to be 

45 variable and outputting said optical signal; and 

a wavelength monitoring circuit for controlling 
said light transmitting circuit so that a wave- 
length of said optical signal outputted from said 
light transmitting circuit and is equal to that of 

so said optical signal inputted to said light receiv- 

ing circuit. 

2. The regeneration optical relay according to claim 1 , 
wherein said wavelength monitoring circuit com- 

55 prises: 

an optical switch having two input terminals 
and one output terminal, which alternately 
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switches between a first optical signal input to 
be referred and a second optical signal input 
that is the output of said light transmitting cir- 
cuit, a wavelength of the second optical signal 
input being controlled; 5 
a wavelength discriminator for discriminating a 
wavelength of an output light from the optical 
switch to convert the output light to an electrical 
signal, thereby outputting the electrical signal; 
a wavelength control signal generating circuit 10 
for calculating a difference between wave- 
lengths of said first and second optical signal 
inputs based on the electrical signal from said 
wavelength discriminator, and transmitting a 
signal for controlling a wavelength to said light 15 
transmitting circuit; and 

a control circuit for controlling said optical 
switch, wavelength discriminator and wave- 
length control signal generating circuit. 

20 

3. The regeneration optical relay according to claim 1 
or 2, wherein said wavelength monitoring circuit 
comprises: 



7. The regeneration optical relay according to claim 4, 
wherein said wavelength variable filter is a rotary 
etaron plate. 

8. The regeneration optical relay according to claim 4, 
wherein said wavelength variable filter is an acous- 
tic optical tunable filter. 

9. The regeneration optical relay according to claim 5, 
wherein said spectrometer is an array waveguide 
diffraction grating. 

10. The regeneration optical relay according to claim 5, 
wherein said array type light receiving element is a 
self-sweep type array light receiving element. 

11. The regeneration optical relay according to claim 5, 
wherein said array type light receiving element is a 
parallel-output type array light receiving element. 

12. The regeneration optical relay according to any one 
of claims 1 to 1 1 , wherein said light transmitting cir- 
cuit comprises: 



two sets of wavelength discriminators for dis- 25 
criminating between a wavelength of a first 
optical signal input to be referred and a wave- 
length of a second optical signal input that is 
the output of said light transmitting circuit, the 
wavelength of a second optical signal input 30 
being controlled, and converting the wave- 
length to an electrical signal, thereby outputting 
the electrical signal; 

a wavelength control signal generating circuit 
for calculating a difference between the wave- 35 
lengths of said first and second optical signal 
inputs based on the electrical signal from said 
wavelength discriminator, and transmitting a 
signal for controlling a wavelength to said light 
transmitting circuit; and 40 
a control circuit for controlling said two sets of 
wavelength discriminators and said wavelength 
control signal generating circuit. 

4. The regeneration optical relay according to claim 2 45 
or 3, wherein each of said wavelength discrimina- 
tors comprises a wavelength variable filter and a 
single type light receiving element. 

5. The regeneration optical relay according to claim 2 so 
or 3, wherein said each of said wavelength discrim- 
inators comprises a spectrometer and an array type 
light receiving element. 

6. The regeneration optical relay according to claim 4, 55 
wherein said wavelength variable filter is a sweep 
type Fabriperot resonator 



a wavelength variable semiconductor laser; 
a semiconductor laser driving circuit for ampli- 
fying a regeneration electrical signal from said 
light transmitting circuit to a signal amplitude 
suitable for modulating said wavelength varia- 
ble semiconductor laser, and superposing a 
bias current on the regeneration electrical sig- 
nal, the bias current being suitable for a signal 
modulation; and 

a semiconductor laser temperature control cir- 
cuit for controlling an oscillation wavelength of 
said wavelength variable semiconductor laser 
by either a temperature or a current, based on 
a signal for controlling a wavelength from said 
wavelength control signal generating circuit. 

13. The regeneration optical relay according to claim 
12 , wherein said wavelength variable semiconduc- 
tor laser is a distributed feedback type semiconduc- 
tor laser. 

14. The regeneration optical relay according to claim 
12 .wherein said wavelength variable semiconduc- 
tor laser is a distributed reflection type semiconduc- 
tor laser. 

15. A wavelength multiplexing optical transmitting sys- 
tem comprising: 

a demultiplexer provided on a light transmis- 
sion path connecting a wavelength multiplexing 
transmitting terminal station unit and a wave- 
length multiplexing receiving terminal station, 
said demultiplexer demultiplexing a wavelength 
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multiplexing signal transmitted from said light 
transmitting path; 

at least one regeneration optical relay unit for 
regenerating and relaying a plurality of optical 
signals outputted from said demuliplexer; and a 5 
multiplexer for multiplexing the plurality of opti- 
cal signals with different wavelengths, which 
are outputted from said regeneration optical 
relay unit, and transmitting a multiplexed optical 
signal onto a light transmitting path, 10 
wherein said regeneration optical relay unit 
comprises: 

a light receiving circuit for converting a optical 
signal with a specified wavelength to an electri- 
cal signal to output the electrical signal, the 15 
optical signal being inputted to said regenera- 
tion optical relay unit; 

a light transmitting circuit for converting the 
electrical signal outputted from said light 
receiving circuit to an optical signal, and varia- 20 
bly outputting a wavelength of said optical sig- 
nal; and 

a wavelength monitoring circuit for controlling 
said light transmitting circuit so that a wave- 
length outputted from said light transmitting cir- 25 
cuit and a wavelength inputted to said light 
receiving circuit are made to be equal to each 
other. 

16. The wavelength multiplexing optical transmitting 30 
system according to claim 1 5, said wavelength mul- 
tiplexing transmitting system further comprising: 

an optical amplifier arranged on said light 
transmitting path, said optical amplifier per- 35 
forming an optical amplifying for said optical 
signal. 

17. An optical regeneration relay which comprises a 
light receiver, a light transmitter and a wavelength 40 
monitoring circuit, comprising: 

converting an optical signal inputted to said 
light receiver to an electrical signal, thereby 
outputting the electrical signal from said light 45 
receiver to said light transmitter; 
converting the electrical signal to an optical sig- 
nal by said light transmitter and outputting the 
optical signal from said light transmitter varia- 
bly; and 50 
controlling an output wavelength from said light 
transmitter by said wavelength monitoring cir- 
cuit so that a wavelength outputted from said 
light transmitter and a wavelength inputted to 
said light receiver are made to be equal to each 55 
other. 
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Fig.4 




(a) OPTICAL SWITCH CONTROL SIGNAL 

(b) WAVELENGTH VARIABLE FILTER SCANNING SIGNAL 

(c) LIGHT RECEIVING ELEMENT OUTPUT SIGNAL 
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